Introduction
Recently, a new amorphous engineering thermoplastic, nominated cyclic olefin copolymer (COC) has been used for many kinds of optical [1] , electrical and mechanical applications, because this plastic has higher transparency, lower birefringence, lower dispersion, and lower water absorption [2, 3] . The prototype flexible OLED displays on plastic substrates have been manufactured by a number of companies, rapid degradation of device characteristics due to high water and oxygen permeability has been a major challenge [4] . In addition, the mechanical and optical properties of the plastic substrate must be maintained during thermal treatment. In order to obtain the best optical property of the flexible substrates utilized for the OLED applications, the experimental parameters, i.e. annealing time, were set in this study.
Experiment
COC pellets were melted at 230°C with a hot press machine. After the hot press process, the COC films were cut into square plates (30mm×30mm). The films were annealed in suit temperatures for different annealing times in a vacuum. Then, the different samples were used as substrates to fabricate the flexible OLED devices. A transparent, conductive layer, indium tin oxide (ITO), was deposited on a COC substrate as anode electrodes in OLED devices by RF magnetron sputtering technology at room temperature. The OLED device structure is ITO (110nm)/NPB (60 nm)/ADS082 (40 nm)/Alq 3 (20 nm)/ LiF (3 nm)/Al (50 nm).
Results and Discussions
The optic properties of the COC films treated at different annealing times and temperatures are shown in Fig.1. From Fig.1 , we found that the optical transmittance of the COC substrate to the visible range (about 400~800nm) was under 30% for the untreated COC film. The optical transmittance was raised as the annealing time changed from 0 to 60 min; the variation of time step was 10 min. Further increasing the annealing time (>50 min.) the optical transmittance values were maintained at ~90%.
Surface roughnesses of COC films before and after annealing were scanned by AFM.The surface roughness of the COC films could be decreased to 1 nm after 50 min annealing, as can be seen in Fig. 2 . The surface roughness of the COC samples could not be changed anymore with an annealing time > 50min. The optimum roughness of the COC surface was obtained when the annealing time was kept at 50 min.
2-D AFM images and the surface scan lines of the COC films are given in Figs. 3(a-b) . The images on the left are the surface scan lines of the samples; the curves on the right represent the roughness of the sample surface. The roughness (R a = 131.08 nm, see Fig.3 (a) ) of the COC substrate surface was very high for the unannealed sample. The maximum undulation value of the curve for the untreated surface was z≒50 nm. On the other hand, the surface roughness of the COC substrate became smooth and its surface R a value was reduced to 1.31nm after the optimum annealing conditions (T= 210°C, t= 50 min) as can be observed in Fig 3(b) . Additionally, the maximum undulation value was smaller than 1 nm for the optimum treated sample surface, i.e., z≒ 0.2 nm.
The current-voltage (I-V) and luminance-voltage (L-V) output characteristics of OLED devices based on COC substrates with different annealing time are shown in Fig.4 . The I-V curves illustrated in Figs.4 (a) were achieved with a typical diode behavior with current and power output only in the forward bias. Furthermore, the I-V curve of the OLED devices can obviously be controlled by the annealing time of the plastic substrates.
The driving currents of the OLED devices were enlarged with an increase in the annealing time as those observed in Fig.4(a) . From the Fig.4(b) , it is clear that the luminance of the OLED devices was low for COC substrates without any thermal treatment. The luminance of the OLED device significantly increased when optimum annealing time was employed. The turn-on voltage of the OLED device, defined as the value of applied voltage at which the luminance is 1 cd/m 2 [5] , can also be influenced by different annealing methods. In Fig.4(b) , the turn-on voltages of the OLED devices with different annealing time decreased from 7.1 to 4.3 V when the annealing time increased from 10 to 60 min. The maximum luminance of the OLED device for different annealing times was 400cd/m 2 at 15V. Additionally, according to Fig. 4(b) , it was found that the turn-on voltages of OLED devices shifted to the lower voltage direction after appropriate thermal treatment. Fig. 5 shows a photo image of the real flexible OLED device with a COC substrate. The FOLED was sufficiently flexible to withstand a curvature of over 5cm as the sample size is approximately 3×3 cm 2 .
Conclusions
The molecular chains of the COC substrate tends to rearrange into a well-packed structure and the optical property can clearly be improved after appropriate annealing treatment. COC substrates exhibit excellent smooth surfaces and good optical transmittance as a result of the optimum annealing conditions, as can be evidenced using visible spectroscopy and AFM observation. The surface roughness of the COC substrate can reach 1.31nm under the optimum annealing treatment. The turn-on voltage can be dropped to 4.3V and 400cd/m 2 luminance can be reached at 15V when the COC substrate is annealed at 210°C for 60 min. 
